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Abstract 
The late- to post-collisional stage in orogenic systems is characterized by the coeval existence 
of bimodal potassic to ultrapotassic magmatic activity related to partial melting of an enriched 
lithospheric mantle together with crustal derived melts. In this paper, we present new whole 
rock geochemical analyses combined with zircon and titanite U–Pb and zircon Hf isotopic 
data from potassic to ultrapotassic rocks from six plutons that occur within the Archean 
Itacambira-Monte Azul block (BIMA), to discuss their petrogenesis and the tectonic 
implications for the São Francisco paleocontinent. The new U–Pb ages range from ca. 2.06 
Ga to 1.98 Ga and reveal long-lasting potassic magmatism within the BIMA, which is within 
the late- to- post-collisional stage of the São Francisco paleocontinent evolution. The 













by previous subduction events, whereas the potassic rocks are bimodal and have a transitional 
shoshonitic to A-type affinity. These rocks have a hybrid nature, possible related to the 
mixing between the mafic potassic/ultrapotassic rocks and high temperature crustal melts of 
the Archean continental crust. Our results also show an increase of within-plate signature 
towards the younger potassic magmas. The participation of an important Archean crustal 
component in the genesis of these rocks is highlighted by the common and occasionally 
abundant occurrence of Archean inherited zircons. The Hf isotopic record shows that most of 
the zircon inheritance has dominantly subchondritic Hf(t) values, which fits a crustal 
reworking derivation from a similar Eo- to Paleoarchean precursor crust. However, the 
presence of juvenile 2.36 Ga zircon inheritance in an ultrapotassic sample reveal the existence 
of a hidden reservoir that is somewhat similar to the described for the Mineiro Belt in 
southern São Francisco paleocontinent. 
Keywords: Late- to post-collisional; Potassic-ultrapotassic rocks; U–Pb dating; São 
Francisco paleocontient; Rhyacian-Orosirian orogenic system. 
 
1 Introduction 
The late- to post-collisional stage in orogenic systems is commonly characterized by the 
coeval existence of bimodal potassic to ultrapotassic magmatic activity associated with the 
development of strike-slip faulting, extension or gravitational collapse and latter stabilization 
of the orogenic system. Whilst the genesis of the mafic potassic to ultrapotassic magmas by 
partial melting of the lithospheric mantle enriched in incompatible elements are better 
constrained (Foley, 1992a, b; Peccerillo, 1992; Conceição and Green, 2004; Müller and 
Groves, 2016), cryptic mineralogical and geochemical aspects of late- to post-collisional 
felsic rocks lack of clear classification and good constraints on magma genesis, with these 
rocks commonly related to fractionation of enriched mantle derived magmas, purely crustal 
melting, or interactions between different proportions of mantle and crustal magmas (eg. 
Liégeois et al., 1998; Barbarin, 1999; Frost et al., 2001; Bonin, 2004, 2007; Moyen et al., 













post-collisional rocks commonly contain abundant zircon inheritance (xenocrysts) that can 
reveal signatures of magmatic pulses hidden in the deep crust (eg. Zhao et al., 2009; Liu et al., 
2011, 2014).  
In the South American Platform, post-collisional magmatic events have been documented 
in Neoproterozoic (e.g. Brasiliano–Pan-African) and Paleoproterozoic (e.g. Transamazonian-
Eburnean) orogenic belts (e.g. Rosa et al., 1996; Rios et al., 2007; Florisbal et al., 2009; Pla 
Cid et al., 2012; Carvalho et al., 2014; Cruz et al., 2016; De Campos et al., 2016; Valeriano et 
al., 2016; Serrano et al., 2018). However, linking the occurrence of (ultra) potassic mafic and 
granitic rocks associations with mantle metasomatism and possible heat source for crustal 
melting is not a straightforward task in Paleoproterozoic terranes, mostly because of tectonic 
reworking (e.g. Rios et al., 2008; Mesquita et al., 2017).  
Extending for thousands of kilometres in Brazil, Siderian to Orosirian orogenic systems 
were developed during the formation of the São Francisco-Congo paleocontinent and record a 
long-lasting evolution of collisional to accretionary cordilleran and intra-oceanic magmatic 
arc types. One of these Paleoproterozoic orogenic belts, the Minas-Bahia orogenic system 
(Fig. 1; Bruno et al., 2020, 2021) is represented by pre- to syn-collisional magmatic activity 
between ca. 2.3 Ga and 2.07 Ga, with a climax at around 2.1 Ga (Silva et al., 2002; Noce et 
al., 2007; Heilbron et al., 2010; Cruz et al., 2016; Degler et al., 2018; Bruno et al., 2020). The 
transition to a post-collisional tectonic setting is considered to have happened at ca. 2.05 Ga, 
constrained by the well documented occurrence of potassic to ultrapotassic rocks within its 
northern segment (Rosa et al., 1996, 2000; Conceição et al., 2003; Plá Cid et al., 2006; Rios et 
al., 2007; Bersan et al., 2018a), as well as by titanite and monazite U–Pb ages (Aguilar et al., 
2017). Part of the Paleoproterozoic post-collisional setting of the São Francisco-Congo 
paleocontinent is recorded within the Gavião, Guanambi-Correntina and Itacambira-Monte 
Azul blocks (BIMA; Figs. 1 and 2). The occurrence of bimodal potassic to ultrapotassic rocks 
that are only locally overprinted by the Neoproterozoic Araçuaí-Ribeira orogenic system 
provides a window into crustal evolution of these areas during the Paleoproterozoic.  
In this work, we present new zircon and titanite U–Pb ages, zircon Hf isotopic data and 
whole-rock major- and trace-element geochemical data for potassic rocks from six plutons 
(Barrinha-Mamonas (BmP), Estreito (EP), Mulungú (MuP), Paciência (PaP), Confisco (CnP) 
and Ouro Fino (OfP)) from the western segment of the BIMA with the following aims: (1) 













characteristics; (3) understand their tectonic context in response to the late to post-collisional 
stages of the Siderian to Orosirian accretionary to collisional events involved in the assembly 
of the  São Francisco-Congo paleocontinent. 
 
2 Geological setting 
2.1 Tectonic setting of the Paleoproterozoic São Francisco paleocontinent 
The original configuration of the São Francisco paleocontinent, hereafter referred to as 
the Brazilian counterpart of the São Francisco-Congo paleocontinent, resulted from the 
amalgamation of several stable Archean crustal segments (or blocks) in the course of Siderian 
to Orosirian orogenic events (eg. Noce et al., 2007; Heilbron et al., 2010; Silva et al., 2016; 
Degler et al., 2018; Bruno et al., 2020). These blocks commonly show a distinct Paleoarchean 
to the Neoarchean evolution that are recorded by different granite-gneiss complexes (e.g. 
Barbosa and Sabaté, 2004; Rios et al., 2009; Cruz et al., 2012; Farina et al., 2015; Albert et 
al., 2016; Silva et al., 2016; Medeiros et al., 2017; Teixeira et al., 2017; Bersan et al., 2018b; 
Simon et al., 2018; Barbosa et al., 2020; Bruno et al., 2020; Oliveira et al., 2020).  
The Minas-Bahia orogenic system is considered to have formed from multiple 
accretionary/collisional tectono-stratigraphic terranes at the eastern edge of the São Francisco 
paleocontinent (Fig. 1). In its southern domain, three distinct magmatic arcs can be 
distinguished: the ca. 2.35–2.10 Ga Mineiro belt composed of a set of individual juvenile and 
continental arc systems, each one comprising metaigneous rocks and/or associated 
supracrustal sequences, that were added to the Archean border of the São Francisco 
paleocontinent by soft-collision episodes (Fig. 1; e.g. Ávila et al., 2010; Teixeira et al., 2015; 
Moreira et al., 2018; Cardoso et al., 2019); and the ca. 2.20–2.05 Ga Mantiqueira and ca. 
2.40–2.0 Ga Juiz de Fora arcs, which comprises juvenile to crustal contaminated rocks (Fig. 
1; Silva et al., 2002; Noce et al., 2007; Heilbron et al., 2010; Degler et al., 2018; Bruno et al., 
2020, 2021).  
The northern domain of the Minas-Bahia system is mainly characterized by two 
magmatic arcs: the high-grade Itabuna-Salvador-Curaçá orogen (ISAC; Barbosa and Sabaté, 
2002, 2004; Barbosa and Barbosa, 2017) and the Western Bahia magmatic arc (WBMA; Cruz 
et al., 2016; Fig. 1). The ISAC was developed between the western border of the Gavião and 













crustal evolution involved Paleoproterozoic reworking of arc rocks, accretion and reworking 
of its Neoarchean substratum and syn- to post-collisional granitoid intrusions (Oliveira et al., 
2010; Barbosa and Barbosa, 2017; Teixeira et al., 2017). To the east of the ISAC, within the 
Serrinha Block, ca. 2.11–2.08 Ga potassic–ultrapotassic rocks postdate the ca. 2.16 to 2.13 Ga 
granitoids related to a continental arc environment (Conceição et al., 2003; Plá Cid et al., 
2006; Rios et al., 2007, 2009).  
The WBMA is proposed to have resulted from the collision between the Paleo- to 
Neoarchean Gavião and the Mesoarchean Jequié blocks (Cruz et al., 2016; Figs. 1 and 2). Due 
to its cordilleran affinity and the abundance of Archean inheritance, some authors have argued 
that it represents a continental magmatic arc (Cruz et al., 2016; Silva et al., 2016).  Mainly, 
the WBMA pre to syn-collisional stages, occurred between ca. 2.35 Ga to 2.07 Ga, whereas 
from ca. 2.06 to 1.90 Ga late to post-collisional magmatism started to operate (Cruz et al., 
2016 and references therein). The emplacement of the potassic to ultrapotassic post-
collisional magmatism within the WBMA was controlled by a regional sinistral transcurrent 
system (Rosa, 1999; Paim, 2014; Cruz et al., 2016). This magmatism is represented by rocks 
generated by the partial melting of a metasomatized subcontinental lithospheric mantle, as 
well as by anatectic granitoids associated with the partial melting of ancient igneous 
continental crust and/or metavolcanosedimentary rocks (e.g. Rosa et al., 1996; Santos Pinto et 
al., 1998; Bastos Leal et al., 2000; Rosa et al., 2000; Santos et al., 2000; Cruz et al., 2016; 
Silva et al., 2016; Bersan et al., 2018a). Recently, a new model proposed by Barbosa et al. 
(2020) suggested that these arc-related Paleoproterozoic rocks were rather related to the 
collision between the Gavião and Guanambi-Correntina blocks, the latter interpreted as an 
independent terrane located to the west of the Gavião crustal segment (Fig. 1). 
Parts of both Archean and Paleoproterozoic domains of the São Francisco 
paleocontinent were reworked during the Neoproterozoic West Gondwana amalgamation. In 
this context, the southern Gavião and the BIMA blocks, the focus of this study, were partly 
overprinted by the Araçuaí-Ribeira orogenic system (Heilbron et. al., 2017; Figs. 1 and 2). 
2.2 Geological background of the BIMA 
 The BIMA refers here to the southward continuation of the Guanambi-Correntina 
Block (Barbosa et al., 2020 and references therein) and is bounded to the east, west and south 
by Proterozoic (Statherian to Ediacaran) supracrustal sequences (Figs. 2 and 3). Together with 













paleocontinent (e.g. Nutman and Cordani, 1993; Martin et al., 1997; Silva et al., 2016; 
Oliveira et al., 2020). The Archean basement of the BIMA is composed of ca. 3.37 Ga 
orthogneisses with TTG signature and a metamorphic overprint dated at ca. 3.15 Ga (Silva et 
al., 2016). In addition, it also contains high-K granitoids datad at ca. 2.9 Ga and 2.6 Ga 
associated with the reworking of the ancient Archean crust as well as minor kinzigitic 
paragneisses, norites, diorites and amphibolites (Drumond et al., 1980; Grossi-Sad et al., 
1997; Silva et al., 2016; Bersan et al., 2018b; Barbosa et al., 2020). 
The Riacho dos Machados Group (RMG; Fig. 3), an important gold and base metal 
host unit exposed in the central-western region of BIMA, is a volcanosedimentary sequence 
metamorphosed under amphibolite facies conditions (Fonseca, 1993; Fonseca et al., 1996). 
According to Fonseca et al. (1996), its basal felsic and mafic metavolcanic units have 
geochemical signature compatible with an island arc setting, whereas its upper 
metasedimentary sequence show an affinity with continental arc-related greywackes. In a 
recent study by Leal et al. (2021), metamafics (and ultramafics) from the RMG were dated at 
2.07 Ga and interpreted to be associated with the evolution of an intra-continental back-arc 
basin related to an accretionary stage of the WBMA.  
Intruding both the Archean basement and the RMG rocks, several ~N–S-trending 
granitoid plutons, were mapped and proposed to form the Paciência/Guanambí and Catolé 
suites (Grossi-Sad et al., 1997; Mourão et al., 1997; Roque et al., 1997; Knauer et al., 2007, 
2015). The Paciência/Guanambí Suite is mostly composed of alkaline ultrapotassic to potassic 
lamprophyres (minettes and vogesites) and shoshonitic (quartz)monzonites and 
(quartz)syenites with minor syenogranites, which crystallized at ca. 2.05 Ga from magmas 
sourced from a metasomatized mantle during the post-collisional evolution of the Minas-
Bahia orogenic system (Rosa, 1999; Santos et al., 2000; Silva et al., 2016; Bersan et al., 
2018a; Sena et al., 2018). The Catolé Suite comprises mostly calc-alkaline syenogranites to 
granodiorites also formed during the post-collisional stage of the WBMA (Mourão et al., 
1997; Roque et al., 1997; Knauer et al., 2007, 2015). In order to improve the knowledge of 
the post-collisional record within of the Minas-Bahia system, this study focused on several 
plutons mapped as part of the Catolé Suite (Barrinha-Mamonas, Mulungú and Confisco/Ouro 
Fino) and the Paciência/Guanambí Suite (Estreito and Paciência; Fig. 3 and Table 1), which 














3-Samples and analytical methods 
 Thirty lithochemical analyses were obtained from rocks from the six plutonic units 
studied: 13 from the Barrinha-Mamonas (BmP), 6 from the Estreito (EP); 4 from the Mulungu 
(MuP); 6 from the Confisco (CnP); and one sample from Ouro Fino (OfP) (Fig. 3). Among 
these samples, seven were selected for zircon U-Pb analyses (AS-078, AS-087 and AS-114 
from the BmP; AS-098B from EP; BTV-117 from MuP; BTV-209Gr and BTV-209Lamp 
from CnP) and two for titanite U–Pb analyses (AS-098B and BTV-209Lamp; Table 1). In-situ 
zircon Hf isotopic analyses were performed for all dated samples and also for a quartz-
monzonite sample from the PaP, previously dated at 2053 Ma by Bersan et al. (2018a). For 
details about the procedure, used techniques, detection limits and standards applied for 
chemical (major and trace elements) and geochronological analyses (zircon and titanite U–Pb 
dating, and in situ zircon Hf isotopes), refers to the supplementary material (Supplementary 
file 1). A summary of the main features of the studied samples is shown in Table 1.  
4 Results 
4.1 Petrographic characteristics of the studied plutons 
For some of the collected samples, the reworking during the Brasiliano-Pan African 
orogeny was responsible for the development of a metamorphic foliation (greenschist facies; 
up to mylonitization in restricted domains) that sometimes obliterates the original igneous 
texture of the granitoids (Bersan et al., 2017; Guedes et al., 2019). Some samples also show 
the effects of a late alkali-metasomatism. In this study, since most rock units have an igneous 
origin, we have eliminated the prefix “meta-” for clarity. 
4.1.1 Barrinha-Mamonas and Estreito plutons 
The Barrinha-Mamonas plutonic unit crops out to the west of the Central ridge with an 
exposure of ca. 120 km along a N-S trend (Fig. 3). According to its petrographic aspects and 
geochronological results, it can be divided into three main facies (Table 1), but their field 
relationships were not observed. The facies nomenclature was determined taking into account 
the field abundance. BmP-I is more abundant than BmP-II that, in turn, is slightly more 
abundant than BmP-III. 
The BmP-I facies (samples AS-078, AS-081, AS-107) is represented by porphyritic 
biotite syenogranites that comprises K-feldspar (mostly microcline, 25%–30%), quartz (20%–













to 8% in some of the thin-sections), apatite, magnetite, ilmenite and pyrite (Figs. 4A and 5A). 
Chlorite, epidote and sericite represent the main secondary assemblage. Titanite occurs as 
large euhedral crystals, associated with feldspars and allanite, or rimming the Fe–Ti oxides 
(Fig. 5B). Zircon and apatite are euhedral crystals commonly included within the major phase 
and allanite can occur as large subhedral crystals (Fig. 5B). 
Facies BmP-II and BmP-III have similar field aspects but were treated separately due 
to their distinct crystallization ages (see below). The BmP-II facies includes medium grained 
quartz-monzonite to monzogranite (samples AS-087 and AS-085, respectively; Fig. 4B), 
whereas BmP-III facies is mainly composed by syeno- to alk.feldspar-granites (samples 
AS114 and AS077, respectively; Fig. 5C–E). Main mineral phases are analogous and 
dominated by K-feldspar (30%–50%; mainly microcline), quartz (~20%–25%), plagioclase 
(5%–20%) and biotite (5%–10%). As for BmP-I facies, the accessory minerals include titanite 
(which can reach up to ~7% in some foliated samples from BmP-II), allanite, zircon, apatite 
and Fe-Ti oxides (Fig. 5D and E). Secondary epidote and sericite are common (Fig. 5C). 
Mafic enclaves (MME) occur within both the BmP-II and BmP-III facies, but were not 
described within the BmP-I rocks. 
The Estreito pluton (Fig. 3) is mainly composed of porphyritic biotite quartz-syenite to 
syenogranites (AS-098A; AS-124; BTV-218; Figs. 4F, 5F and G). Samples from this work 
lack amphibole or clinopyroxene, although these minerals were described by Santos (2005) as 
accessory phases. A syn-plutonic melanocratic biotite-monzonite dyke (AS-098B; Fig. 4F), 
with a main mineralogy of biotite (~30%), K-feldspar (30%–35%), plagioclase (25%–35%) 
and minor quartz, with accessory apatite, allanite, titanite, epidote and Fe-Ti oxides occur 
locally (Fig. 5H). Titanite is commonly anhedral and associated with biotite and epidote or as 
rims of Fe–Ti oxides (Fig. 5I). Sagenite after titanite exsolution may also occur within biotite. 
4.1.2 Mulungu Pluton 
This unit occurs in the central portion of the BIMA (Fig. 3). It intrudes the Archean 
orthogneisses from the Porteirinha Complex, while the contact with the Morro do Quilombo 
pluton quartz-syenites is diffuse. Samples BTV-117(A to D) are medium grained 
inequigranular to porphyritic syeno-granites composed of K-feldspar (30%–35%), plagioclase 
(25%–35%), quartz (25%) and biotite (5%) with accessory zircon, apatite, and Fe-Ti oxides 
(almost absent; Fig. 5J). Sericite and epidote are the secondary minerals. 













Sample BTV-126 (intercept age of 2053 ± 9 Ma; Bersan et al., 2018a) is a porphyritic 
quartz-monzonite composed of K-feldspar, amphibole (hornblende), biotite, plagioclase and 
quartz with accessory titanite, zircon, apatite and Fe-Ti oxides (Figs. 4G and 5K). 
Lamprophyric rocks (minettes and vogesites; Sena et al., 2018), composed of phlogopite, 
hornblende, K-feldspar and plagioclase with accessory apatite, carbonate, titanite, zircon, Fe–
Ti oxides and sulfides, are common and occur as mafic enclaves within the host quartz-
monzonite (Fig. 4G). 
4.1.4 Confisco and Ouro Fino plutons 
Occuring as a small pluton that intrudes the RMG metavolcanosedimentary sequence, the 
Confisco pluton includes medium grained granitoids (samples BTV-209A) and mafic 
appinites (plutonic equivalent lamprophyric vogesites; BTV-209Lamp) that commonly occur 
as MME with curvilinear, often ameboid and sharp contacts, but locally having a typical 
mingling texture (Fig. 4H). Quartz (20%–30%), K-feldspar (20%–30%), plagioclase (15%–
30%), biotite (5%–10%) and locally amphibole (0–5%) are the main phases of the granitic 
rock, with titanite, apatite, zircon and Fe–Ti oxides as accessory (Fig. 5L and M). Within the 
appinitic enclaves, amphibole (~30%), biotite (20%–25%), K-feldspar (25%–30%), 
plagioclase (up to 10%) and apatite (up to 5%) are the main minerals (Fig. 5N), whereas 
clinopyroxene, titanite, calcite, zircon and opaques are the accessory phases. Apatite might 
occur as euhedral or needle-like crystals. Euhedral and large titanite crystals have only apatite 
inclusions, with no signs of reequilibration reactions with other main or accessory phases (e.g. 
biotite or Fe–Ti oxides; Fig. 5N and O).  
To the south of the RMG, the Ouro Fino pluton is characterized by granites similar to the 
ones from the Confisco pluton, but with lower mafic mineral phases. 
 
4.2-Zircon and titanite U–Pb geochronology 
4.2.1 Barrinha-Mamonas and Estreito plutons 
Sample AS-078 (UTM: 23L, 720758/8326642) represent the BmP-I facies. Zircon 
grains from this sample are prismatic and most of them have clear oscillatory zoning, 
although some show a dark homogeneous CL response with no internal zoning (Fig. 6A). 
Most of the analyses have Th/U ratios between 0.10 and 0.66, compatible with an igneous 













2141 ± 9.3 Ma (MSWD = 1.4) and 2033 ± 12 Ma (MSWD = 9.5; Fig. 6A). The most 
concordant grains (100 ± 2%) that comprise the younger intercept spread along concordia 




Pb weighted mean age of 2030 ± 13 Ma (n = 
20; MSWD = 1.7), which is virtually the same as the intercept age and is interpreted as the 
magmatic crystallization age for the sample. The older intercept age is considered to be an 
inherited population. 
Zircons from sample AS-087 (UTM: 23L, 715983/ 8326760), BmP-II facies, are 
prismatic, with high Th/U ratios (from 0.06 to 0.98) and usually have clear oscillatory zoning 
(Fig. 6B). Forty-three analyses were done (mostly being highly discordant), giving three 
distinct upper intercept ages: an Archean age at 2873 ± 18 Ma (MSWD = 2.5); and two other 
Paleoproterozoic ages at 2093 ± 29 Ma (MSWD = 3.2) and 1984 ± 17 Ma (MSWD = 3.6). 





weighted mean age of 1980 ± 21 Ma (MSWD = 0.52), interpreted as the crystallization age of 
the granitoid (Fig. 6B). The ca. 2.09 Ga and 2.87 Ga ages are interpreted as inherited 
populations.  
For AS-114 sample (UTM: 23L, 714804/ 8338439), which belong to BmP-III facies, 
forty-nine analyses with high Th/U ratios (between 0.05 and 0.65) were performed. Three 
sub-concordant zircons with ages of 3.13 Ga, 2.98 Ga and 2.17 Ga are interpreted as 
inheritance (Fig. 6C). Forty-one analyses define a consistent Pb-loss trend with an upper 
intercept at 2041 ± 11 Ma (MSWD = 10.5). Similar to the observation from sample AS-078, 





Pb weighted mean age of 2041 ± 13 Ma (n = 21; MSWD = 1.3; Fig. 6C), 
interpreted as the crystallization age of the sample. 
Zircon grains extracted from the biotite-monzonite sample AS-098B (Estreito pluton; 
UTM: 23L, 723910/ 8333826) are euhedral prismatic to short-prismatic, with clear oscillatory 
zoning, and have high Th/U ratios (from 0.11 to 1.01). From thirty-five spots, two 
subconcordant 3.05 Ga and 3.15 Ga ages are interpreted as inheritance. The remaining 
analyses define a discordia line with upper intercept at 2057 ± 37 Ma (MSWD = 2.2; Fig. 6D) 
interpreted as the crystallization age. Titanite grains from sample AS-098B are brown and 
anhedral when associated with biotite, and also occur as rims of Fe–Ti oxides. Eleven titanite 
analyses yielded a lower intercept age of 1996 ± 26 Ma (MSWD=3.3) in the tera-wasserburg 













4.2.2 Confisco Pluton 
Samples BTV-209Gr and BTV-209Lamp (UTM: 23L, 701295/ 8229751) were 
collected from the same outcrop, where the granitic and the lamprophyric rocks show 
mingling texture (Fig. 4H).  
Zircons from sample BTV-209Gr are euhedral, prismatic, and have bright CL 
response that reveals oscillatory zoning. Two zircons are dark and have convolute zoning (Fig. 




U ratios lower than 0.18 were not considered for constructing the discordia lines, 
since they scatter and do not show a preferential fit to one of the discordias obtained from the 
most concordant analyses and, thus, would not change the interpreted ages (Supplementary 
Table 1). Analyses considered for age calculations have Th/U ratio ranging from 0.12 to 1.74. 
Seven concordant to subconcordant analyses yields Archean ages of ca. 3.15 Ga, 3.05 Ga, 
2.90 Ga, 2.70 Ga and 2.5 Ga, interpreted as zircon inheritance (Fig. 6E and Supplementary 
Table 1). Seven concordant spots, combined with three discordant analyses, comprise a 




Pb weighted mean age of 2004 ± 36 Ma (MSWD = 2.1; Fig. 6E), and is interpreted as 
the crystallization age of this sample. 
For sample BTV209-Lamp, only five zircons grains were found in the heavy minerals 
separates. The grains have rounded edges and a clear oscillatory zoning in the CL images (Fig. 
6F). Eight analyses with Th/U ratios of 0.13 to 0.41 yielded a concordia age of 2361 ± 21 Ma 
(MSWD=0.015), similar to the upper intercept age of 2362 ± 40 Ma (MSWD = 0.30; Fig. 6F). 
Titanite grains are abundant in this sample, consisted of large euhedral crystals with apatite 
inclusions, and show an igneous texture based on thin-section observation (Fig. 7C). Nineteen 
titanite crystals give an intercept age of 2019 ± 28 Ma (MSWD = 0.50). After common Pb 
correction, a concordia age of 2031.7 ± 8.5 Ma (MSWD = 1.04; Fig. 7C and Supplementary 
Table 4) was obtained and interpreted as the crystallization age of the sample. This is because, 
since samples BTV-209Gr and BTV-209Lamp show textures of magmatic interaction 
(mingling; Fig. 4E) they should have similar crystallization ages. The weighted mean age of 
2004 ± 36 Ma from sample BTV-209Gr is within the error of the BTV-209Lamp titanite age. 
Thus, we interpret the ca. 2.03 Ga age as the best approximation of the crystallization age of 
these samples, with the Siderian zircons from sample BTV-209Lamp as inheritance. 













Zircons from sample BTV-117 (UTM: 23L, 708923/ 8259177) are prismatic and 
mostly metamict. They have Th/U ratios from 0.02 to 0.52 and most of the analyses are 




Pb ages of 3361 ± 42 Ma, 2672 ± 36 Ma and 2059 ± 35 Ma (Fig. 7A). A discordia 
line with upper and lower intercept ages at 2091 ± 60 Ma and 575 ± 26 Ma (MSWD = 1.2), 
respectively, were constructed using four analyses (Fig. 7A). Despite the good MSWD for the 




Pb age from the 
concordant spot #BTV117_31, which is within the error obtained from the upper intercept 
age, is interpreted as the better approximation of the crystallization age for this sample (Fig. 
7A and Supplementary Table 1). The lower intercept age is within the collisional interval of 
the Brasiliano-Pan African Araçuaí orogen. 
4.3 Whole-rock chemistry 
The major and trace element data for the studied samples are listed in the 
Supplementary Table 2, together with data from Bersan et al. (2018a) for the Paciência 
pluton. The majority of the samples have low loss-on-ignition (LOI) contents of <2 wt.% 
(Supplementary Table 2), suggesting negligible low-temperature alteration. Samples have a 
wide range in SiO2, from 48.42 wt.% to 74.62 wt.%, but with a gap in the intermediate 
compositions. Rocks are classified as monzo-diorites, monzonites, quartz-monzonites and 
granites and plot mostly below the alkaline suite line on the TAS diagram (Fig. 8A). Total 
alkali contents are high (7.61 wt.% to 9.53 wt.%) and the K2O/Na2O ratio is greater than 1.0, 
with signatures close to those for the shoshonitic rock series (Fig. 8B and C). Only the 
appinitic and quartz-monzonitic samples from the Confisco and Paciência plutons are 
classified as ultrapotassic rocks according to the criteria proposed by Foley et al. (1987) (K2O 
> 3 wt.%; K2O/Na2O > 2; and MgO > 3 wt.%). 
Based on their major element composition, samples are mostly metaluminous to 
slightly peraluminous, alkalic to alkali-calcic, and straddle the boundaries between the ferroan 
and magnesian fields, with only rocks from the Confisco and Paciência plutons showing a 
distinctive magnesian affinity (Fig. 8D, E and F). For the potassic samples, Al2O3 varies 
between 13.34 wt.% and 16.60 wt.%, MgO between 0.11 wt.% and 3.02 wt.% and Fe2O3 
between 0.80 wt.% and 9.33 wt.%, resulting in moderate to low Mg# values between 16.32 
and 48.16 (Fig. 9). TiO2 concentrations are variable (0.05 wt.% to 1.69 wt.%), with relatively 













ranging between 0.69 wt.% and 4.55 wt.% and 0.02 wt.% and 1.1 wt.%, respectively. Trace 
elements have low concentrations of compatible elements (Cr and Ni) but moderate to high 
LILE (Rb, Ba and Sr) and some HFSE (Ce, Zr, Th, REE) (Fig. 9 and Supplementary Table 2). 
Mulungu pluton granites have a distinct chemical signature, with very low contents of almost 
all major elements, LILE and HFSE (Figs. 8 and 9). 
For the ultrapotassic samples, SiO2 is low for the Confisco appinites (48.42 wt.% to 
51.92 wt.%) but reaches 64.66 wt.% for the quartz-monzonites from the Paciência pluton. 
Al2O3 contents are low (between 11.04 wt.% and 13.63 wt.%) whereas ferromagnesian oxides 
are high, with MgO+Fe2O3 ranging from 7.57 wt.% to 20.49 wt.% but with low TiO2 (< 1.0 
wt.%). Both CaO and P2O5 are comparatively high (Fig. 9). When compared to the potassic 
samples, Mg# for the ultrapotassic rocks are distinctly higher, reaching values of 71.52 for the 
appinitic rocks from the Confisco pluton (Fig. 9). These rocks are also characterized by 
enrichment in both compatible and incompatible elements. Cr and Ni concentrations range 
between 609–869 ppm and 90–108 ppm, respectively, while the typical LILE enrichment is 
represented by the high contents of Ba (1435 ppm to 6098 ppm), Sr (597 ppm to 1418 ppm) 
and Rb (307.7 ppm to 364.30 ppm), besides potassium (Fig. 9). Some of the HFSE, such as 
Th (21.3 ppm to 81.3 ppm), Ce (155.8 ppm to 253.9 ppm), Zr (258.6 ppm to 465 ppm) and 
total REE (Figs. 9 and 10), show moderate values that are within the interval described for the 
potassic rocks. 
Chondrite-normalized REE diagrams are show in Fig. 11. The studied rocks have 
moderate to high total REE content (Fig. 10 and Table 1). REE patterns are characterized by 
enrichment in light rare earth elements (LREE) over the heavy rare earth elements (HREE), 
with variable (La/Yb)N and Eu/Eu* ratios, ranging between ~7 to ~96 and 0.29 to 0.92, 
respectively. The basic to intermediate appinites (BTV-209Lamp) and potassic monzonite 
(AS-098B) samples have subparallel REE patterns, with similar (La/Yb)N ratios and 
negligible to low Eu anomalies (Fig. 10).  
Primitive-mantle normalized spider diagrams (Fig. 11) show enrichment in LILE and 
depletion in some HFSE, with consistent peaks in Th and U and negative anomalies of Nb, 
Ta, P and Ti. Concentrations of the more incompatible elements (Rb, Ba, Th and U) are up to 
~200 to 1000 times higher than those from the primitive mantle.  













One hundred and twenty Lu–Hf analyses were performed on concordant to sub-
concordant zircons. All the data are presented in Supplementary Table 3 and a summary of 
the results are shown in Table 1.  
The εHf values are negative for most of the Paleoproterozoic and Archean inherited 




Pb dates ranging from 
ca. 2.67 Ga to 3.36 Ga, have εHf(t) varying between +6.00 to –10.17 and Hf model ages (Hf 
TDM) ranging from 3.42 Ga to 4.02 Ga. Rhyacian inherited zircons from samples AS-078, AS-
087, AS-114 and BTV-126 have εHf(t) and Hf TDM  averages of  –10.68 and 3.27 Ga, –13.94 
and 3.41 Ga, –16.78 and  3.57 Ga, and  –16.7 and 3.55 Ga, respectively. The 2.36 Ga zircons 
xenocrysts from sample BTV-209Lamp are juvenile, with εHf(t) between +4.50 to +6.19 and 
Hf TDM  from 2.51 Ga to 2.61 Ga (Fig. 11 and Table 1). 
Magmatic zircons that represent the crystallization ages for all samples have 
characteristically negative εHf(t) values and Paleo- to Mesoarchean Hf TDM ages (Fig. 11A and 
B; Table 1). Samples AS-078 and BTV-117 have similar Hf isotope signatures, with εHf(t) 
varying between –8.83 and –13.82 and Hf TDM ages ranging from 3.10 Ga to 3.35 Ga. Lower 
εHf(t) values, varying from –16.0 to –20.9, and Eo- to Paleoarchean TDM ages, between 3.44 
Ga to 3.76 Ga, were obtained from samples AS-114 and BTV-209Gr. For samples AS-098B 
and BTV-126, zircons have identical εHf(t) values and TDM ages between –16.8 to –18.5 and 
3.53 Ga to 3.62 Ga, respectively. Representing the BmP-III facies, the younger sample AS-
087 yielded εHf(t) from –14.17 to –19.53 and Hf TDM ages of 3.33–3.62 Ga (Fig. 11A and B; 
Table 1). 
 
4.5 Zircon saturation temperature 
The initial temperatures of silicate magmas can be estimated using the zircon saturation 
thermometry method (TZr) (Watson and Harrison, 1983). The solubility of zircons is mostly 
controlled by the temperature variation, being weakly sensitive to other factors (Watson and 
Harrison, 1983; Miller et al., 2003). The abundance of zircon inheritance in the studied 
granitoid samples suggests saturation of Zr of the source magmas. In this case, the TZr is a 
maximum estimate for the magma temperature. The TZr varies between 725 °C and 933 °C for 
the potassic granitoids investigated. Only samples from Confisco/Ouro Fino and Mulungu 














5.1 An overview of the geochronological framework: Paleoproterozoic stages of the São 
Francisco paleocontinent 
The new U-Pb zircon and titanite ages presented in this work record long-lasting 
potassic magmatism within the BIMA, with ages varying from ca. 2.06 Ga to 1.98 Ga (Figs. 6 
and 7). Despite most the results being within the same age interval, two peaks of magmatism 
can be discriminated. The oldest one is defined by the time interval of 2057 ± 37 Ma to 2030 
± 13 Ma recorded in zircons from Barrinha-Mamonas (samples AS-078 (BmP-I) and AS-114 
(BmP-III)), Estreito (sample AS-098B), Paciência (sample BTV-126 from Bersan et al., 
2018a) and Mulungu (sample BTV-117) plutons (Figs. 6 and 7). The youngest magmatic 
activity is recorded in samples AS-087 and BTV-209Gr from BmP-II facies of the Barrinha-
Mamonas and Confisco plutons, respectively, where the obtained weighted mean ages vary 
between 2004 ± 36 Ma and 1980 ± 21 Ma (Fig. 6B and E). However, titanite grains from the 
mafic lamprophyric sample BTV-209Lamp, mingled with the granitoid BTV-209Gr, yielded 
a crystallization age of 2032 ± 8.5 Ma (Fig. 7C), that is within the ca. 2.06–2.03 Ga age 
interval. Therefore, we interpret that the youngest potassic magmatic activity at 2.0 Ga – 1.98 




Pb weighted mean of 
1980 ± 21 Ma; Fig. 6B). Titanite grains from sample AS-098B occur as rims of Fe-Ti oxides 
or as anhedral aggregates within biotite and yield a crystallization age of 1996 ± 26 Ma. Due 
to the relatively high uncertainty of this analysis, this age may be related either to a late stage 
of crystallization during magma cooling, or to the younger magmatic pulse recorded by 
sample AS-087 (Fig. 7B).  
Regarding the evolution of the São Francisco paleocontinent, the crystallization ages 
obtained in this work are in good agreement with previous ages determined for its late- to 
post-collisional tectonic setting (e.g. Heilbron et al., 2010; Cruz et al., 2016; Silva et al., 2016; 
Cutts et al., 2019; Fig. 1). The transition between the collisional and the late- to post-
collisional stage is believed to have occurred after the ca. 2.08 Ga – 2.04 Ga 
collisional/accretionary metamorphism event recorded in both the northern and southern 
sectors of the Minas-Bahia system (e.g. Barbosa and Sabaté, 2002; Marinho, 2014; Medeiros 
Junior, 2016; Barbosa and Barbosa, 2017; Medeiros et al., 2017; Bruno et al., 2020). Zircon 
xenocrysts yielding ages of ca. 2.14 Ga – 2.09 Ga in samples AS-078 and AS-087 from this 













age spectra from the São Francisco paleocontinent, reinforces the hypothesis of a late- to post-
collisional setting for these potassic rocks. 
Within the Minas-Bahia orogenic system, Paleoproterozoic arcs developed or accreted 
at the margins of the Archean core of the São Francisco paleocontinent are commonly 
delineated from one another by their metamorphic grade, isotopic data and presence or 
absence of Archean inheritances (Silva et al., 2002; Barbosa and Sabaté, 2004; Noce et al., 
2007; Heilbron et al., 2010; Teixeira et al., 2015; Cruz et al., 2016; Bruno et al., 2020, 2021). 
The potassic rocks described in this work have remarkable Archean inheritance, with ages 
ranging between 3.36 Ga and 2.51 Ga (Figs. 6 and 7), as well as strongly negative Hf(t) 
values with compatible Archean TDM ages (Fig. 12 and Table 1). This data suggests that the 
BIMA, and possibly the Gavião Block, Paleo- to- Neoarchean ancient continental crust had a 
strong participation (either as source or contamination) in the genesis of these rocks. These 
features are also distinctive for Paleoproterozoic continental magmatic arcs developed within 
the Minas-Bahia orogenic system (Silva et al., 2002; Noce et al., 2007; Heilbron et al., 2010; 
Cruz et al., 2016; Silva et al., 2016; Degler et al., 2018; Bruno et al., 2020). Therefore, the 
potassic rocks investigated in this work are mainly associated with the post-collisional stages 
of the WBMA. 
The juvenile 2.36 Ga zircon inheritance from sample BTV-209Lamp represents a 
relatively uncommon age, being reported only in a few primary sources within the São 
Francisco paleocontinent (e.g. Seixas et al., 2012; Teixeira et al., 2015; Moreira et al., 2018, 
2020). Siderian zircons similar in age and Hf isotopic signature to those obtained in this work 
are described in juvenile TTGs (Lagoa Dourada Suite) from the Mineiro Belt Terrane, 
southern Minas-Bahia orogen (Moreira et al., 2018; Figs. 1 and 12). To northeast of the 
studied area, this age was reported for two intrusions and according to Cruz et al. (2016) 
demonstrates the connection between the WBMA and the Mineiro Belt (Fig. 1). Recently, 
Bersan et al. (2020) reported high Ba–Sr juvenile magmatism with one juvenile Siderian 
xenocryst in a pluton to the east of the studied area (Figs. 2 and 12).  
Thus, regarding the occurrence of the ca. 2.36 Ga juvenile inherited zircons, two 
distinct considerations can be made: one is that an ancient Siderian crust may be very similar 
to the TTGs from the Lagoa Dourada Suite and was an important source component for the 
mafic ultrapotassic magmatism; or that these Siderian zircons were sampled during the 













inheritance, it records the presence of juvenile Rhyacian crust enclosed by typical Archean 
crustal segments of the São Francisco paleocontinent, in a possibly similar context to that 
observed within the Mineiro belt (Barbosa et al., 2015; Teixeira et al., 2015; Moreira et al., 
2018, 2020). 
 
5.2 Significance of the Archean inherited zircon ages and isotopic signatures 
The Gavião and BIMA blocks are key targets for understanding the evolution of the 
primitive Earth, as they contain the oldest rocks recorded within the South American platform 
(e.g. Nutman and Cordani, 1993; Martin et al., 1997; Guitreau et al., 2012; Paquette et al., 
2015; Silva et al., 2016; Oliveira et al., 2020). 
The Hf isotopic record presented in this work shows that most of the Paleo- to 
Neoarchean zircon inheritance has dominantly subchondritic Hf(t) values, which fits the 
Hadean to EoArchean crustal evolutionary trend of the Gavião Block (TDM‟s ranging between 
ca. 4.02 Ga to 3.40 Ga; Fig. 12 and Table 1). These results indicate that most of the Meso- to 
Neoarchean magmatism recorded within the BIMA reflects superposed events of crustal 
reworking from a somewhat similar Eo- to Paleoarchean Gavião Block precursor crust (Fig. 
12). However, a superchondritic inherited zircon of ca. 3.05 Ga with Hf = 6.0 (from sample 
AS-098B; Fig. 11) implies the presence of a Mesoarchean juvenile crustal forming event 
(Barbosa et al., 2013; Medeiros et al., 2017). 
Figure 12 shows a compilation of the available zircon Hf isotopic composition from 
Archean granitoids and Archean and Neoarchean- to- Paleoproterozoic supracrustal sequences 
from the Gavião Block and QF area complexes, as well as Paleoproterozoic granitoids from 
the BIMA (this study) and southern São Francisco paleocontinent Mineiro Belt, Mantiqueira 
and Juiz de Fora complexes (see Fig. 1 for geographical location). Despite the small amount 
of Hf data for the BIMA and Gavião Archean crustal segments, in comparison with the data 
available for the QF area, a contrasting continental evolutionary trend is easily identified, 
especially throughout the Mesoarchean. During this time, the QF magmatism is dominated by 
TTGs with relatively more juvenile inputs (Farina et al., 2015; Albert et al., 2016), whereas 
within BIMA and Gavião blocks, reworking of ancient Paleoarchean (and locally 
Mesoarchean, Barbosa et al., 2013) crust is recurrent. Despite the distinct Hf isotopic 













the 3.05 Ga juvenile zircon has a near depleted mantle Hf value, similar to zircons from the 
Archean Rio das Velhas greenstone belt that occur within the QF area (Moreira et al., 2019; 
Fig. 12).   
It is commonly accepted that the Archean nuclei of the São Francisco paleocontinent 
was first amalgamated in the Paleoproterozoic (Barbosa and Sabaté, 2004; Barbosa and 
Barbosa, 2017; Teixeira et al., 2017). However, little has been distinguished about the 
potential collage of these Paleo to Mesoarchean terranes in the Neoarchean. Although the 
Paleoarchean zircon ages are abundant within the detrital record in the QF area, many of the 
potential sources have not been found so far. The Hf versus time compilation diagram (Fig. 
12) offers a possible provenance for undiscovered sources sampled by the detrital record such 
as in the Rio das Velhas greenstone and Minas basins (e.g. Moreira et al., 2016; Dopico et al., 
2017). One possibility is that these sources are potentially located within the BIMA and 
Gavião blocks, where zircon xenocrysts analysed have similar trends when compared to the 
detrital record from the southern QF area. This might suggest that these blocks were 
amalgamated very early in their existence, at least, within the Mesoarchean. 
5.3 Long lived potassic magmatism within the BIMA: continental crust and mantle 
interaction 
5.3.1 The ultrapotassic rocks and their metasomatic mantle source 
In the discrimination diagrams proposed by Foley et al. (1987) the ultrapotassic 
samples from the CnP and PaP have a transitional nature, plotting between Groups I 
(lamproites) and III (orogenic, lamprophyre-like), similar to post-collisional ultrapotassic 
magmas (eg. Foley et al., 1987; Sun et al., 2007; Zhao et al., 2009; Liu et al., 2014; Fig. 13A 
and B). Although the presence of zircon inheritance points to some degree of contamination, 
the absence of Archean inheritances together with the relatively homogeneous Hf signature 
of sample BTV-126 (<2 Hf units of variation) disfavours the hypothesis of crustal 
contamination processes during the evolution of the ultrapotassic magmas. 
The high Mg# (58–71.5) and associated high Cr (170 ppm – 870 ppm) and FeO
t
+MgO 
(6.80 wt.% to 19.5 wt.%) contents of the ultrapotassic rocks clearly indicate a derivation from 
the mantle. However, regardless of the mantle signature of these rocks, they are also enriched 
in LILEs and some HFSE (eg. K, Ba, Rb, Sr, LREE, Ce, La), with concentrations exceeding 













Two models can be used to explain this dual mantle-LILE enrichment signature: 
interaction between lithospheric mantle and volatile-rich, low-density melts that have 
migrated from the asthenosphere, which would yield an OIB signature for the magma (e.g. 
McKenzie, 1989; Gibson et al., 1995); or metasomatism of the subcontinental lithospheric 
mantle by melts/fluids released from a subducting slab (e.g. Thompson and Fowler, 1986; 
Foley, 1992a, b; Peccerillo, 1992; Wang et al., 2007). The uniform unradiogenic Hf values 
(–16.8 to –18.5) obtained for the quartz-monzonite sample BTV-126, Nb/Ta ratios that are 
close to the upper continental crust values (~13; Rudnick and Gao, 2003), and the negative 
Nb, Ta and Ti anomalies, favour the hypothesis that these rocks have been formed from a 
lithospheric mantle source metasomatized by continental crust materials during a previous 
subduction event (eg. Foley, 1992a, b; Peccerillo, 1992; Rosa et al., 1996; Miller et al., 1999; 
Plá Cid et al., 2006; Rios et al., 2007; Zhao et al., 2009; Plá Cid et al., 2012). On a Th/Yb 
versus Ta/Yb plot the ultrapotassic rocks also show a signature of enrichment with a 
subduction component in its source (Fig. 13C). 
Subduction-related mantle metasomatism can occur either by the interaction with 
fluids or melts released from the subducted material. Enrichment of LILEs is attributed to 
aqueous fluids, whereas melt-related metasomatism adds HFSE and REE to the mantle 
(Woodhead et al., 2001; Castillo and Newhall, 2004). The ratios between mobile and 
immobile fluid elements shows that the mafic ultrapotassic magmas from the Confisco pluton 
reflects a source enrichment dominated by slab-derived fluids, with an increasing component 
of sediments-derived material to the acid ultrapotassic quartz-monzonites from the Paciência 
pluton (Fig. 13D and E), although the increase in sediment participation could also be related 
to incorporation of continental crust during the evolution of the PaP magma. It is well known 
that phlogopite and/or amphibole are the main repositories for LILEs in the lithospheric 
mantle (Ionov et al., 1997; Furman and Graham, 1999). The high Rb/Sr and low Ba/Rb ratios 
are consistent with a phlogopite-bearing lherzolite as the best candidate for the enriched 
mantle source (e.g. Conceição and Green, 2004).  
The unradiogenic Hf and Paleoarchean Hf model ages of the ultrapotassic quartz-
monzonite BTV-126 sample (Fig. 11, Table 1) signify the contribution from the ancient 
BIMA and Gavião continental crust in the petrogenesis of the ultrapotassic rocks. This 
indicates that their mantle sources were affected by an old metasomatic event during the 













easy to distinguish between these two processes, the existence of juvenile Siderian zircon 
xenocrysts with similar Hf isotopic signatures to TTGs from the Minero Belt in sample BTV-
209Lamp shows that the mantle reservoir was not isotopically closed from Archean times. 
Also, in the literature available for the area, there is a lack of typical Archean rocks derived 
from an Archean enriched mantle reservoir. Thus, it is more likely that the metasomatic event 
occurred during the Paleoproterozoic orogenic system event. Another possible explanation for 
the origin of these ultrapotassic rocks is that they crystallized from a two-stage hybrid melt, 
produced first by melting of Gavião Block-adjacent continental crust underthrust into the 
upper mantle and then by contamination in the overlying mantle wedge, similar to the models 
suggested by Campbell et al. (2014) for East Tibet ultrapotassic to potassic shoshonitic rocks. 
 
5.3.2 Classification and petrogenesis of the potassic rocks 
The lithochemical signature of the potassic rocks investigated in this study is 
suggestive of a shift from a compressive to extensional regime, typical of a late- to post-
collisional tectonic setting (Bonin, 1990; Frost et al., 2001; Goswami and Bhattacharyya, 
2014). The majority of the investigated rocks are characterized by negative or absent 
correlation between K2O versus SiO2, high to intermediate concentration in Al2O3, LILE (K, 
Ba, Rb and Sr) and REE, especially in LREE, and low TiO2 (with exception of the younger 
ca. 1.98 Ga quartz-monzonite to syenogranties that have TiO2 > 1.3 wt.%), compatible with 
the shoshonitic affinity proposed by Morrison (1980). However, most of these rocks also have 
relatively low Mg#, high Ga/Al ratios (Fig. 14A), high abundance of Zr+Nb+Ce+Y (Fig. 
14B), and high zirconium saturation temperatures suggestive of a deep source for the melt, 
features that are typical of A-type granitoids (Whalen, 1987; Eby, 1992). Thus, the 
investigated potassic rocks can be regarded as compositionally intermediate between 
shoshonitic (Caledonian post-collisional plutons from Frost et al., 2001) and A-type rocks, 
with a typical signature of granitoids related to a late- to post-collisional continental arc 
setting (Figs. 8 and 14C; Pearce et al., 1984; Barbarin, 1999; Frost et al., 2001).  
The main petrological process that can form alkalic- to alkalic-calcic late- to post-
collisional potassic rocks are generally linked to fractional crystallization of mafic (alkaline or 
tholeiitic) magmas derived from mantle sources (depleted or enriched) that may have 
interacted with the continental crust, anatexis of lower and/or upper crust, or mixing between 













Janoušek et al., 2000; Jiang et al., 2002; Bitencourt and Nardi, 2004; Bonin, 2004; Rios et al., 
2007; Goswami and Bhattacharyya, 2014; Clemens et al., 2017; Moyen et al., 2017).  
Although the crustal-like signature of the shoshonitic biotite monzonite (sample AS-
098B), its low SiO2 and high ferromagnesian oxides (above 10 wt.%) contents precludes a 
purely crustal origin (Laurent et al., 2017 and references therein). The overlapping in Hf 
isotopic signature between the biotite-monzonite AS-098B and the ultrapotassic BTV-126 
samples (Fig. 11), together with similar trace elements concentrations (LILE and some HFSE 
enrichment) and subparallel REE and trace patterns indicates a somewhat similar phlogopite-
bearing metasomatized mantle source for both groups of rocks (Figs. 10 and 13). However, its 
transitional ferroan signature, and higher REE and HFSE (for e.g.: Zr, Ce and Y; Figs. 8 and 
9) concentrations might indicate some degree of interaction between the enriched 
subcontinental lithospheric mantle with an asthenospheric mantle component, similar to the 
mechanism proposed by Laurent et al. (2014) to explain the contrasts between Mg–K and Fe–
K potassic suites. Its low Ni and Cr content indicate either extensive fractionation of olivine 
or crustal contamination, with the latter process being also highlighted by the presence of 
Archean zircon inheritance. 
Regarding the ca. 2.06 Ga to 2.03 Ga granitoids from the Barrinha-Mamonas (BmPI 
and BmPIII facies), Estreito and Confisco/Ouro Fino plutons, they all have characteristics that 
are close to those from shoshonitic type granitoids, as they are not typically ferroan, have low 
TiO2, high K2O and K2O/Na2O ratios, high LILE (Ba + Sr normally > 1500 ppm), moderately 
high Rb/Sr (mean of 0.71), high LREE over HREE, and moderate to high Zr+Nd+Ce+Y 
(Rosa et al., 1996; Jiang et al., 2002; Rios et al., 2007; Goswami and Bhattacharyya, 2014; 
Clemens et al., 2017; Fig. 8). These granitoids plot in the range of LILE-rich mantle to hybrid 
high-K felsic source fields in the ternary diagram after Laurent et al. (2017) (Fig. 14D), in a 
similar trend to late-Variscan plutonic rocks from the eastern French Massif Central (Laurent 
et al., 2017). However, an origin related to extreme fractional crystallization from the mantle 
derived ultrapotassic magmas is not viable, since in this case the amount of mafic magma 
should exceed the amount of felsic magma (Campbell et al., 2014), which is not observed in 
the studied area. In such a scenario, hot mafic magmas derived from the metasomatized 
mantle interact with lower continental crust, providing enough heat to promote crustal 
anatexis which then mixes with the crustal-derived liquids (Bonin, 2004; Moyen et al., 2017). 













with high temperature crustal melts of the Archean BIMA continental crust. An Archean 
crustal component is supported by the common occurrence of Archean inherited zircons. The 
slightly less negative Hf for sample AS-078 and its TDM model age (Fig. 11 and Table 1) is 
compatible with either the predominance of reworking of a Paleo- to Mesoarchean reservoir, 
or alternatively, a Paleoarchean source contaminated by a depleted mantle source. For 
samples AS-114 and BTV-209Gr, although slightly more variable, the Hf and TDM model 
ages overlap with those obtained from sample AS-098B, suggesting a similar enriched 
isotopic source reservoir (Fig. 11). 
Although the younger ca. 2.0 Ga – 1.98 Ga BmP-II granitoids from the Barrinha-
Mamonas pluton also have most of the characteristics of shoshonitic granitoids, they are the 
only samples that show a distinctive ferroan A-type affinity, higher TiO2, REE and HFSE, 
and that plot exclusively in the A-type and within-plate fields of Pearce et al. (1984) and 
Whalen et al. (1987) being classified as related to an enriched OIB-source (A1 type of Eby 
1992; Fig. 14). Therefore, even though the similar petrogenetic process (interaction between 
enriched mantle and crustal Archean sources; Fig. 14D) and Hf isotopic signature obtained for 
this group of samples (Fig. 11), the geochemical results show an increase of the within-plate 
component towards the younger potassic magmas within the BIMA. 
Samples from the Mulungu pluton have high SiO2 and very low FeO
t
+MgO, LILE and 
HFSE content compared to the other granitoids (Figs. 8 and 9). Since they plot within the 
fractionated granite field in the Whalen et al. (1987) diagram (Fig. 14), these granitoids can be 
related to an extensive degree of fractionation, highlighted by the more pronounced Eu, Ba, 
Sr, P, Zr and Ti negative anomalies, indicative of fractionation dominated by feldspars and 
accessory phases such as apatite, zircon and titanite, compatible with the lower modal 
abundances of these accessory phases. Zircon inheritance of 3.35 Ga (Hf = –1.17; TDM = 3.7 
Ga) and 2.6 Ga (Hf = –2.28; TDM = 3.22 Ga), are compatible with the crystallization ages and 
Nd isotopic signature of TTGs (Nd = –0.78; TDM = 3.51 Ga) and potassic granitoids (Nd = –
2.66; TDM = 3.28 Ga) from BIMA‟s Archean basement (Silva et al., 2016). 
5.4 Consequences for the tectonic setting and correlations within the Paleoproterozoic 
orogen preserved in the southern São Francisco Paleocontinent 
The results presented in this work are in agreement with previous works published on 
the widespread potassic and ultrapotassic rocks within the Guanambi-Correntina and BIMA 













2018). The late- to post-collisional tectonic setting proposed for these rocks indicates that its 
origin might be related to the process of slab-break off at ca. 2.06 – 2.03 Ga, which triggered 
asthenospheric mantle upwelling and partial melting of the overlying metasomatized mantle, 
generating the ultrapotassic magmas. Underplating and intraplating of these hot magmas 
promoted partial melting of the Archean continental crust and the hybridization (in variable 
degrees) between these magmas are the main source of the investigated potassic granitoids.  
At ca. 2.03 – 1.98 Ga the transition to A-type magmatism, geochemically related to an OIB-
type source, suggests the involvement of a rising asthenosphere-fed mantle plume during the 
post-collisional extensional collapse stage of the Minas-Bahia orogeny. 
 The geographic location of the ultrapotassic and potassic rocks in the BIMA suggests 
a subduction slab dipping to the west, with the BIMA being the upper plate during the 
collision, a tectonic context already proposed by Cruz et al. (2016) for the Western Bahia 
magmatic arc. During the Siderian to Orosirian, the eastern margin of the São Francisco 
paleocontinent was a site of extensive accretionary and collisional tectonics (e.g. Noce et al., 
2007; Rios et al., 2007; Avila et al., 2010, 2014; Heilbron et al., 2010; Seixas et al., 2012; 
Teixeira et al., 2015; Carvalho et al., 2017; Degler et al., 2018; Moreira et al., 2018; Cardoso 
et al., 2019; Barbosa, 2020; Bruno et al., 2020, 2021).  
Some recent studies, mostly based on geochronological and isotopic data, have 
proposed a connection between the northern and southern segments of the Minas-Bahia 
orogenic system (Fig. 1): Cruz et al. (2016) correlated the WBMA (northern sector) with the 
Mineiro and Mantiqueira belts (southern sector); Bruno et al. (2020, 2021) correlated the 
Mesoarchean Piedade block and the Mantiqueira Complex (southern sector) with the 
Mesoarchean Jequié and the Itabuna-Salvador-Curaçá orogen (northern sector); and Degler et 
al. (2018) correlated the juvenile Juiz de Fora/Pocrane complexes with the Buerarema 
Complex, easternmost area of the Eastern Bahia Orogenic Domain (Silva et al., 2002; 
Barbosa and Barbosa, 2017; northern sector).  
 The negative Hf isotopic data obtained from the potassic/ultrapotassic rocks that 
outcrop within the BIMA indicate a strong continental crust affinity. However, the juvenile 
2.36 Ga zircon inheritance in the investigated ultrapotassic rocks together with the juvenile 
granitoid recently described to the west of the studied area (Fig. 2; Bersan et al., 2020) are 
indicative of the presence of two Archean and Paleoproterozoic contrasting reservoirs for this 













et al., 2015; Teixeira et al., 2015; Moreira et al., 2018; Cardoso et al., 2019). Also, the ca. 
2.22 Ga slightly juvenile signature for mafic rocks of the Riacho do Santana greenstone belt 
(northwestern of the Guanambi-Correntina Block, Fig. 2) reported by Rodrigues et al. (2012) 
and Barbosa et al. (2013) seems to be correlated with that reported by Avila et al. (2010, 
2014) for the Tiradentes and Serrinha suites in the Mineiro Belt. Therefore, it is possible that 
the juvenile zircon inheritance reported in this work, together with other occurrences of 
juvenile rocks (eg. Rodrigues et al., 2012; Barbosa et al., 2013; Bersan et al., 2020), reveal the 
existence of a complex crustal evolution similar to that described for the Mineiro Belt hidden 
in the BIMA and Guanambi-Correntina blocks deep crust. 
This interpretation agrees with the model based on magnetotelluric images, recently 
proposed by Padilha et al. (2019), that the Gavião Block was formed by a more complex 
process of Paleoproterozoic subduction and accretion than hitherto supposed, with the 
involvement of several smaller blocks accreted together during the Minas-Bahia orogeny. 
Moreover, in the southern tip of São Francisco paleocontinent, Carvalho et al. (2017) have 
reported the influence of the Mineiro Belt isotopic signature in ca. 2.05 Ga magmatic zircons 
from leucosomes formed within the anatectic domain of the Archean foreland (represented by 
the QF area) during the collisional event of the Mineiro Belt with the Archean core of the São 
Francisco paleocontinent.This also highlights the possible continuity between the BIMA and 
the southern segment of the São Francisco paleocontinent. 
6 Conclusions 
Our study on the potassic and ultrapotassic rocks that occurs within the BIMA, situated in 
the northeastern part of the São Francisco paleocontinent, provides new insights on the late- to 
post-collisional magmatism in this tectonic domain. Some of the main conclusions of this 
work are: 
(1) The potassic/ultrapotassic rocks were formed in the late to post-collisional stages of 
the São Francisco paleocontinent, with crystallization ages constrained between 2.06–1.98 Ga 
by zircon and titanite U–Pb dates.  
(2) The ultrapotassic rocks are enriched in LILE, LREE, with high Mg# and Cr contents, 
which indicate a fluid-related phlogopite-bearing lherzolite metasomatized mantle source. The 
strongly negative Hf signature of these rocks indicates an important contribution of ancient 













(3) The potassic rocks have a transitional shoshonitic/A-type signature, with enrichment 
in LILE, LREE and some HFSE and were formed by hybridization of basic 
potassic/ultrapotassic rocks and high temperature crustal melts of the Archean BIMA 
continental crust. 
(4) The presence of abundant Paleo- to Neoarchean zircon inheritance reinforces the 
contribution of continental crust in the genesis of these rocks.  
(5) An increase in the OIB-like component indicates a transition from late- to post-
collisional to a within-plate (intraplate) setting. A possible tectonic scenario is the process of 
slab-break off (delamination) followed by the rising of a mantle plume (gravitational 
collapse). 
(6) The occurrence of ca. 2.36 Ga juvenile zircon inheritance in the ultrapotassic rock 
reinforces the idea of two contrasting reservoirs within the BIMA and Gavião/Guanambi-
Correntina blocks. 
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Figure 1  (A) Geotectonic picture of the São Francisco craton in the context of western 
Gondwana scenario, highlighting the main Archean blocks (modified from Alkmim et al., 
2006). (B) Simplified geological map of the São Francisco craton and Araçuaí orogen 
highlighting the Archean and Paleoproterozoic assemblage referred to as the São Francisco 
paleocontinent (modified from Cruz et al., 2016; Silva et al., 2016; Bersan et al., 2018a,b). 
BIMA – Itacambira-Monte Azul Block; ISAC – Itabura-Salvador-Curaçá Orogen; Q.F. – 
Quadrilátero Ferrífero; WBMA – Western Bahia Magmatic Arc. 
Figure 2  Simplified geological map of the Itacambira-Monte Azul and southwestern Gavião 
blocks (modified from Cruz et al., 2016; Silva et al., 2016; Bersan et al., 2018). 
Figure 3  Inset from Fig. 2 showing the studied plutons and sample locations. 
Figure 4  Main field aspects of the studied plutons. Barrinha-Mamonas pluton: (A) BmP-I 
porphyritic biotite granite from sample AS-078. (B and C) BmP-II quartz-monzonite from 
sample AS-087 outcrop. (D and E) BmP-III biotite granite outcrop from which AS-114 were 
sampled. (F) Synplutonic melanocratic biotite monzonite crosscutting the biotite syenogranite 













pluton. (H) Field aspect of the Confisco pluton, showing net-veined pillow-like texture 
indicating mingling features between the appinites from sample BTV-209Lamp and biotite 
monzo- to syenogranites from samples BTV-209Gr. Insets in F and H highlights the 
contemporaneity of the magmas. 
Figure 5  Photomicrographs showing textures and main mineralogy for the studied potassic 
rocks. Barrinha-Mamonas granitoids: (A and B) BmPI facies from samples AS-078A; (C) 
BmPII facies from sample AS-087A; (D and E) BmPIII facies from sample AS-114A. 
Estreito pluton: (F and G) granitoids from samples BTV-098A and AS-124; (H and I) Biotite 
quartz-monzonites from sample AS-098B; (J) Mulungu pluton granite from sample BTV-
117A; (K) Paciência pluton quartz-monzonite from sample BTV-126A; Confisco pluton: (L 
and M) Granitoids from BTV-209Gr samples; (N and O) Appinitic rocks from samples BTV-
209Lamp. Note the general aspect of titanite crystals with inclusions of apatite euhedral 
crystals. B, I, K and O are under plane-polarized and the others under cross-polarized light. K-
feld – K-feldspar, Plag – plagioclase, Qtz – quartz, Bt – biotite, Amp – amphibole, Cpx – 
clinopyroxene, Myr – myrmekite, Ttn – titanite, Ap – apatite, Ep – Epidote, Ilm – ilmenite, 
Ser – sericite, Opc - opaque. 




Pb weighted average ages from samples: (A) AS-078; (B) AS-087; (C) AS-114; (D) 
AS-098B; (E and F) BTV-209Gr and BTV-209Lamp, respectively. 
Figure 7  (A) Representative zircons CL images and zircon U–Pb Concordia diagram from 
sample BTV-117. (B and C) Titanite U-Pb dating results from samples AS-098B and BTV-
209Lamp, respectively. 
Figure 8  Geochemical classification diagrams for the studied ultrapotassic and potassic 
plutonic rocks. (A) TAS diagram after Middlemost (1994). (B) K2O vs SiO2 diagram after 
Peccerillo and Taylor (1976). (C) Th/Yb vs Ta/Yb diagram after from Pearce (1982). (D) 
A/NK versus A/CNK diagram. (E and F) Granitoids classification diagrams proposed by 
Frost et al. (2001). Data from Paciência (PaP), Serra Branca (SbP) and Morro do Quilombo 
(MqP) plutons are from Bersan et al. (2018). 














Figure 10  (A, C and E) Chondrite-normalized REE patterns: (A) Barrinha-Mamonas pluton, 
(C) Estreito pluton, (E) Confisco and Ouro fino plutons. (B, D and F) Primitive mantle-
normalized trace element spider diagram: (B) Barrinha-Mamonas pluton, (D) Estreito pluton, 
(F) Confisco and Ouro Fino plutons. Normalizing values for chondrite and primitive mantle 
are from Boynton (1984) and McDonough and Sun (1995), respectively. Symbols are as in 
Fig. 8. 
Figure 11  Hf isotope data for zircons. (A) Plot of εHf(t) versus U–Pb crystallization ages (for 




Pb ages). (B) TDM ages versus U–Pb crystallization 
ages. 
Figure 12  Compilation of the available zircon Hf isotopic composition from: Archean 
granitoids of Gavião Block (Guitreau et al., 2012; Zincone et al., 2016), and QF area (Albert 
et al., 2016); Archean (Teles et al., 2015; Moreira et al., 2016, 2019) and Neoarchean- to- 
Paleoproterozoic (Dopico et al., 2017) supracrustal sequences from Gavião Block and QF 
area; as well as Paleoproterozoic granitoids from the BIMA (this study) and southern São 
Francisco continent terranes: Mineiro belt (Barbosa et al., 2015; Teixeira et al., 2015; Moreira 
et al., 2018), Mantiqueira Complex (Kuribara et al., 2019) and Juiz de Fora/Pocrane 
complexes (Degler et al., 2018). 
Figure 13  (A and B) Classification diagrams for ultrapotassic rocks from Foley et al. (1987). 
Group I – Lamproites; Group II – Kamafugites; Group III – orogenic ultrapotassic rocks.  (C) 
Th/Yb versus Ta/Yb diagram after Pearce (1983) showing an important component of 
subducted sediments in the source of the ultrapotassic rocks. (D and E) Rb/Y versus Nb/Y and 
Ba/La versus Th/Nd diagrams indicating fluid-related mantle metasomatism. (F) Rb/Sr versus 
Ba/Rb diagram after Thibault et al. (1992) for the ultrapotassic magmatic rocks. Amphibole 
and phlogopite on the arrows refer to these minerals as residual phases in the mantle source 
region of the magmas. 
Figure 14  Tectonic and geochemical discriminant diagrams from the potassic granitoids: (A 
and B) FeO
t
/MgO versus Ga/Al and Zr+Nb+Ce+Y (Whalen et al. 1987). (C) Nb versus Y 
(Pearce et al., 1984). (D) Ternary diagram proposed by Laurent et al. (2014) for Archean 
granitoids, after Laurent et al. (2017). FMSB = [(FeO
t
+MgO)×(Sr+Ba)] wt.%. (E) Rb/Nb 
versus Y/Nb and (F) Y/Nb versus Yb/Ta for A-type granitoids after Eby (1992). Symbols are 














Table 1  Summary table with the main characteristics and results of the investigated plutonic 













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































*Dated sample/this work; **From Bersan et al. (2018a); ***From Sena et al. (2018); ****From Santos et al. (2000) 
Qtz - quartz; K-feld - K-feldspar; Plag - Plagioclase; Bt - Biotite; Amp - Amphibole 
 
Supplementary Table captions: 
Supplementary Table 1  Zircon U-Pb. 
Supplementary Table 2  Major and trace element data. 
Supplementary Table 3  Zircon Lu-Hf. 
Supplementary Table 4  Titanite U-Pb. 
 




 Rhyacian to Orosirian magmatism from  late- to post-collisional setting   
 Partial melting of subduction-related metasomatized lithospheric mantle 
 Mixing between mafic potassic/ultrapotassic rocks with high temperature crustal melts  
 Paleo- to Neoarchean, Siderian and Rhyacian zircon inheritance 
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